Primary ovarian neoplasms from 22 cats were described. A single cat had tumors of epithelial origin-bilateral cystadenomas. Seven animals had germ cell tumors-dysgerminomas or teratomas; two cats had bilateral tumors. Fourteen animals had neoplasms of sex cord-stromal origin-granulosa cell tumors and interstitial gland tumors. Four cats with granulosa cell tumors had clinical evidence of hormonal disturbance.
been reported. We present data collected from 22 primary ovarian neoplasms in cats, the largest such collection ever reported.
Materials and Methods
Tissues and case records from cats with primary ovarian neoplasms were reviewed from the archives of the International Registry of Reproductive Pathology at the University of Illinois.
Results
Material from 22 cats was examined (table I). The majority of cats were of mixed parentage (domestic shorthairs), but three purebred cats were also present. There was a broad age range; one two-month-old kitten had an interstitial gland tumor and a 20-year-old cat had a granulosa cell tumor. The mean age of tumorbearing cats of known age was 6.7 years, and the median age of cats of known age was 5.5 years. Of the 22 -neoplasms, one was epithelial in origin, seven were of germ cell origin, and 14 were sex cord-stromal in origin.
The epithelial neoplasms were bilateral cystadenomas. These tumors were gray-yellow, coarsely nodular, and cystic. The cyst fluid did not coagulate on exposure to formalin. Histologically, clear (fluid-filled) spaces were lined by simple low-cuboidal to pseudostratified ciliated columnar cells separated by a thick collagenous stroma (figs. 1, 2).
Among the germ cell tumors were six dysgerminomas and one teratoma. Two of the dysgerminomas were bilateral. One arose in an ovotestis. Dysgerminomas were composed of broad cellular sheets subdivided into cords, strands, nests, and alveoli by collagenous septa. Individual cells were large, polyhedral, and uniform with finely granular amphophilic cytoplasm. The cells were tightly packed together, and cell borders were distinct to ill-defined. Nuclei were large, centrally positioned, and vesicular with a prominent nucleolus. Mitotic figures were common as were giant cells ( fig.  3) . Only one of our six dysgerminomas had lymphoid foci. Two had metastasized.
Histologically, the diagnotic feature of the teratoma was the presence of cell clusters of differing germ cell origin including ciliated and pseudostratified epithelium and cartilage ( fig. 4 ).
Sex cord-stromal tumors were the most common neoplasms encountered in this study. Included in this group were nine granulosa cell tumors and five interstitial gland tumors. At least four of the cats with granulosa cell tumors demonstrated signs of abnormal estrus. Four of the tumors had metastasized. Histologically, the granulosa cell tumors contained one to three cellular patterns and formations. In those tumors or regions of tumors that demonstrated a microfollicular pattern, the cells were small and polygonal with eosinophilic cytoplasm and round to oval nuclei. These cells were subdivided into small nests, acinar formations, and alveoli by fine connective tissue septa (fig. 5). In those tumors or regions of tumors that demonstrated a Sertoli cell pattern, elongate cells with fibrillar cytoplasm stretched across tubular formations. A thecal or sarcomatous arrangement of cells was also recognized in which indistinctly bordered cells with amphophilic cytoplasm were arranged in tight interweaving fascicles ( fig. 6) . Two neoplasms had areas of luteinization ( fig.  7 ). All cellular formations contained mitotic figures. Interstitial gland tumors were grossly solid, orangeyellow to brown. One interstitial gland tumor was found in a two-month-old kitten. These tumors were composed of a homogeneous population of large distinctly bordered polyhedral cells with various-sized round central nuclei. The cytoplasm contained one large to mul-tiple small, clear vacuoles ( fig. 8) . Some cells contained a brown amorphous pigment as well. A fine fibrovascular stroma separated the cells into lobules.
Discussion
Ovaries are complex organs that contain a variety of cell types, some of which undergo hormonally induced cyclic changes. This makes classification of ovarian tumors d i f i~u l t .~
The first step in classifying ovarian tumors is to identify their cell of origin-epithelial, germ cell or sex cord-stromal.
Epithelial tumors arise from coelomic epithelium on the ovarian surface and from the rete ovarii. In the cat, primary epithelial neoplasms of the ovary are rare. A Fig. 1: Cat (699 I) . Ovarian cystadenoma. Epithelial-lined spaces (arrows) adjacent to atretic follicles (F) and regressing Fig. 2: Cat (699 1) . Ovarian cystadenoma. Lumina lined by columnar pseudostratified epithelium. Fig. 3: Cat (14662) . Ovarian dysgerminoma. Broad cellular sheets of tightly packed cells with large vesicular nuclei. Mitotic bilateral papillary cystadenocarcinoma has been described in a j a g~a r , '~ and an adenocarcinoma with spindle cell transformation has been described in a fiveyear-old cat." The latter authors cite an additional four reports of adenocarcinoma in feline ovaries, but regster concern about the accuracy of these older reports. Our series of ovarian tumors included a bilateral cystadenoma, apparently the first benign epithelial neoplasm reported in the cat ovary. In women, epithelial tumors are the most common tumors of the ovary, and are not associated with hormonal activity.' Among domestic animals they are most common in the bitch.5 Both of these species have subsurface epithelial structures' ' which are a potential source of neoplasms. These structures are not present in other common domestic mammals. Fig. 8 : Cat ( 19457) . Ovarian interstitial gland tumor. Large multivacuolated distinctly bordered cells. HE. and acinar formations by a fine stroma. HE.
HE.
Germ cells, yolk-sac precursors of oogonia, can give rise to a variety of neoplasms. In the cat, the two reported types are dysgerminomas and teratomas. Bilateral dysgerminomas occurred in a one-year2 and seven-year-old7 cat and mixed dysgerminoma-teratomas occurred in two, six-year-old cats.7, Our series contains six dysgerminomas, including one previously reported.2 Dysgerminomas in animals are always considered malignant though they are slow to metastasize.7. l6 Dysgerminomas are generally considered to be hormonally inactive. However, one report cites mas-culine behavior associated with a dysgerminoma7 and one of our cats was in continuous estrus.
Teratomas are composed of tissue arising from at least two, and generally all three, germinal layers. They likely develop from pluripotential stem cells that have escaped from normal regulatory mechanisms." The number of tissue types recognized in an individual tumor is apparently a function of the number of sections examined." Teratomas have been reported in a two-year-old cat', and in the previously discussed dysgerminoma-teratomas.' In addition, metastatic ter-atomas have been reported in a 4.5-year-old cat and were thought to have arisen in a dysgerminoma." Teratomas in males and seminomas, the male counterpart of dysgerminomas, are histologically identical to their female counterparts.
Granulosa cell tumors are sex cord-stromal in origm. They are the most common primary ovarian neoplasm O n e study indicates that over half of these tumors are malignant." Our study refutes a contradictory report that indicates these tumors are generally benign.5 Granulosa cell tumors may have multiple histologic patterns-including follicular, Sertoli cell, and sarcomatous. Areas of luteinization may also be present. Call-Exner bodies are sometimes seen in the follicular tumors of cats and women." Four of our nine cats with granulosa cell tumors had clinical evidence of abnormal estrus.
Interstitial gland cells are probably present in the ovaries of all domestic mammals. Seven histogenic cell types are recognized. Although much about them is unknown, they appear to have an endocrine function.14 Interstitial gland tumors (luteomas) have been described in domestic animals as lipid-cell or The lipid-cell type was present in our five cats and one has been reported as an androgenic tumor in a nine-year-old cat." in the cat.l.3. 4.6.8. 17 
